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Tbis ^aper describes two experiments in wbicb 
children in grades 1, 3, and 5 vere ^iven three kinds of spatial 
perspective-taking problems to solve as quickly as they could: C 
problems^ solvable only by computation (thai is, noting which 
features of a particular object array were closest to tinother 
observer in order to estimate how the array appears from that' 
observer's position); (2) 5 problems, solvable only by applying* a 
^ui^L_isucb_as the getieralization that two observers will have the 
same view of ^ny rifrprr*^^ ^ ^'i 7^F^-^Mv^-'=^«f> y^^Hln^ p"Qgltinn g^n^ 

aiffer^ent views of it if in different viewing positions) i and (3) fiC~ 
problems, solvable either by computation or by rule*, The task^ 
conditions were such that computation-based soluti^Jis' ordinarily 
required several seconds to execute whereas rule-based solutions 
could l>e achieved with 2ero*order latencies* Older children proved 
likelier than younger ones to solve 5 problems correctly, solve them 
with zero-order latencies, ^anfi verbalize rule use in inquiry* latency 
and inquiry data suggested that the children who used the rule to, 
solve B problems also chose to solve RC problems by rale rather than 
by computation. It was concluded that a number of subjects possessed 
the rule, consciously and deliberately used it in solving concretes 
perspective-taking problems, and believed in its general veracity 
enough to rely on it when they dig not have to (EC problems) * 
(Author/SB) 
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Abstract 

A distinction made between tiro aspects of spatial per£;pectlve-tdklng 
competence: (l) rules , such as the generall2atlon that two observers 
will have the same vletf of any object array If in the same viewing 
position and different vlex7s of It If In different vleid.ng positions; 
(2) computation » such as thj^ cognitive process of uotixxg which* feature? 
of t h is object array are closest to another observer for t',ie purpose of 



estimating how the array appears from that observer*^ position* Children 



of grades 1, 3, and 5 w%re giveii three kinds of problems to solve as 



quickly as they could: (1) C problems^ solvable only by computatiou; 
(2) R problems, solvable only by applying the above ^le;' (3) RC problems, 
solvable either by con?>utation or by rule* The task conditions ™re such 
that computation-abased solutions ordinarily required several seconds to 
execute i?hereas rule-^jased solutions could be* achieved with zero-order 
Irtencies* Old A children proved likelier than youngjcr ones to solve 
R problems correctly^ solve them vlth zero-order latencies, and verbalize 
rule use In Inquiry* Latency and inquiry <iata su^Sested that the ^children 
uho usecl^the rule to solve Roproblems also chose to solve tX problems by 
rule if,atlier than by coctputatlon* It was concluded that a number of 
subjectfj possessed the rule» consciously and deliberately used it in 
solving concrete perspectlve^taking problems » ^sAd believed in its general 
veracity enough to rely on it when they did not have to <RC problems)* 
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^ Solving Spatial Per spec tlve^Taking Problems 
by Rule vs* Computation: A Developmental Study 

A dlstinctioQ caa be made between rule s and computation In the are'a 
of spatial. perBpectiva*taking and its development* Let represent the - 
subject, X aa object array, and 0 another person ^jho vleua X from a . ■ 
ntatlon point different from S^*d* Computation refers, to the actttal .. .. ; 
cognitive, processes usee to estimate C'coinpute^*) how X appears to 0^ 
£ sees- X^vO^ and. the spAtial relation beG«en X from this . 

visual Information somehow constructs a representation (accurate or in-^ 
accurate) ol.bow X looks from O^s perspective* jSeyeral possible computa^ 
tion processes have recently been .Investigated (Huttenlocher & Presson, 
1973; Harmor, 1975; Shantz, 1975># S might try to rotate X mentally 
until 0*s side of X is visualized as facing S} conversely, might try 
to rotate him/herself imaginaXly Into 0^8 position* Another process 
xfould be to Infer from the visual Information that one object in the }C 
array partly blo^cks O^s vier/ of anotiier object, that this object appears 
rigjit-re^ir of that one from 0*S point ojc viei/, etc* Ue Icna? very little 
at present about the effects of developmental and Individual differences 
in cognitive abilities on what computation processes are spontaneously 
applied with what results to .what Icindfj of S-O-X protjlemsv 

B ul e s _ refer to general relationships ai^ong observer positions and 
observer visual experiences, telationSbips which aire essentially Invariant 
across Xs/ The fact that these rdlcs hold true regardless of the spec:tflc 
physical properties of X Is one of the things that distingaidhes, them 
from computation* From example. If £ ip to determine how X looks to 0 



Rules 

by means of mental rotation or some othW computation procedure, s/he 
obviously needs to be able to see X or otherwise obtain detailed Infor- 
mation about Its physical characteristics pnd orientation. Contrast 
this vltli the perspective-taking trul^ uhlcli asserts that X woiild 
"^appear ^o as it does to 0, ff ^uere al^ to vt&vi from 0*s station 
point (cf* Flsbbeln, Lewis, & Keiffer, 1972)* An S^Who Icaotjs thi^ rule 
obviously needs vlo specific Information at 'i^^ about 3 given X to be aure 
that the ru|e will hold true for that X. Xilke confutation procespes, 

Cneral rules of this sort can play important roles in the solving of 
ncrete perspective- taking problems* It is hard to see why an S; 
would spontaneously try to rotate hlm/herself mentally into 0^'s position^ 
for Instance, unless s/he^^^ew" the abovementl^ed rule In some sehse^ 
Conversely, like rules, cotiq>utatloa prcceases can became S^i^ral, across* 
tasks solution stxategles^general "rules of procedure,^ In effect. T!he. 
growing child could therefore come to Believe that, say, rotation ol 
self or array is a sensible ^soluti^n procedure to. try for any X, just 
as s/he could come co laiow>che rule that, for any X, his/her view of X 
would be identical to 0^*s if s/he were at Oi'a station points, . ^ 

A £airly sizable literature on the developmental aspects ot spatial 
perspective*- taking has accumulated since Plaget'and ^tihelder*s (1956) , 
pioneering work (see Shantz, 1975)* However, tUe distinction Ketrraen 
acquiring coii^utatl^£)n procedures and acquiring general rules about , 
perspectives has not been made either clearly or often, even at the ^ 
purely conceptual level (Fi9hbeln et al*»^ 1972; Plavcll, 1974; Plaget & 
Inhelder, 1956). It doea not appear to have been made at the experimental 



level at alX^ prior to a recent study by Salatas and Flavell (1976)* 
They assessed 6-* sad 8^year**olds* (kindergarten and second grade 
children*©) command of two. rules: (1) one position ^ oQg vlew" an 
observer has one and only one^vlebr of X from any single vieuing 
psltlon; and (2) dlffer^t positions ^ different vlew8" a particular 
view caimot normally^ be seen from oore than one viewing position around 

and hence different observer positions normally l]q>ly different 
vlevrs. The X In this study consisted of threa girl dolla seated •* 
diagonally on a square board* There were four "observera^'* one on 
each side of the board: the child subject (O^); a saall Donald puck 
doll (90° to S's right); Goofy (180°); and Mickey House (270°), Ihe' child 
^as first talcen to each of these four viewing posltlona in turn and asked 
to select that picture (color photograph) » from the set of four spread 
before him/her^ which showed exactly how the dolla looked from that 
poeition* ^If the child chose the wrong picture his/her ,error was 
corrected and^'s/he was asl;ed to choose aga^* Almost all children et 
both age levels were selecting Che correct picture on the first try by 
the t±sm they reached the third or fourth viiewlng poaltlon* , 
Understanding of rule 1 was then tested by asking the subject to 
evaluate^ one at a tin^^ each picture from a larger set by answering 

the question^ '"Does this picture ehofir hew the^dolle look to * ■ 

(e*g*» Mlck^,y)?** Ttiia; serial-choice procedure allowed -the child to end 
up having selected mcr^'^t^han a single picture as representing that £*a 
vie-jf* If the child 'diet delect more than one» a/he was^ first asked if 
th«^ ones selec£^ were all exactly, the same <all children ^ald they were 
not); mid then asked if s/he still thou^t they all showed e:cacCly how 
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the dolls loolced to that 0* Tlie child v;aB credited \rLth rule 1 if 
B/he consistently either choBe only one picture initially/ or else 
spontaneously reduced hisA^ir selected set dmm to one following the 
s^con^d question. Ihe child \iaB neKt asked if the selected pici:ure(&) 
could also show e^cactly how the dolls looked to another £ in a different 
location (e*g*, Gcofy), tlten another, etc* The child was credited 
with rule 2 if s/he consistendy sai^ it or they could not . 

The results suggested ^at rule 1 may be acquired earlier in 
childhood than rule^2. Host subjects of both aga levels seented to 
wcognize that no otore ,than one depicted view could be seen from a 
single station point* In contrast, only about one-fourth of the 6*yoar- 
olds and about Jt:wo^thirds of the S'^year-olds conaj^timtly denied that 
one 0,*s depicted view could be seen by ott^r Os ^at different atatioa 
points^ In addition, coiMsnd df rule 2 did not^appear tb be as general 
and con text* independent as we had expected^ at least at this age level 
and in this task settlngt A child could Initially either (a) correctly 
identify an 0^*s depicted view, (b) make a nonegocentric error (selecting 
neither view nor the child's own), or (c) make an egocentric ^rrbr 
(selecting his/her oim) * Vlhich of these s/he ^did seemed to have some 
influence on the child*^ subsequent adherence/nonadherence to rule 2. , 
The child was likeliest 'to go on to say:- that the other observers pould 
also see that same view, contra rule 2, if that vi^ were egocentric (c), 
less likely if it were nonegocentric but incorrect (b) , and least likely 
if i^. t^re correct* (a)« At tha same time, the rule-^0QHitati9ii^distli)c^ 
tion waa clearly evident in the data* Individual subjecte could at?j] did 
mal I computation (view^Belectlon) .errors vh^e still' acting as If thay 



' Rules 

'2* 

- * 6.. 

fully' understood rules 1 and 2» and correct view selections were some- 
t^iDas followed by attributions of t^ose same vlewo to, observers in 
other positions. 

The purpose of the present study was to follw up and e:ctend the 

1.* 

research of Salatas and Plavell (1976)* The Icnovledge about perspectives 
investigated was their rule 2 (different positions different views) 
plus its corollary^ nai&ely^ that two '^s looking from the station 
polnt will have the same view of X (same position ^ same vietr) * The 
latter will be recognized as the rule loentioned at the beginning of this^ 
article » applied to two Os rather than to £ and 0^, Chlld:;en were pre- 
sented with throe types of problemsi aad BC* In C (Gomputatlon) 
problems^ the child saw Salata^^and Flavell*s three^ibject X» an 0 
located to the child *s leit of and two pictul:es (photographs)* One 
picttire showed 0*s view of X and the other shoi/ed the view of X front 
the opposite side of X, to 'the *chiZ<i*s right* The cWld'e task In thla 
essentially conventional perspective*taklng problem was to confute ^*s 

view from the visual evidence an4 select the correct (0-^view) picture* 
J **** , 

In R (rule) probleias» the child again saw 0^ and the two view picturea^ 
but ^was covered with a^box so the .child could ^ot see it* ^ 0^ could 
see the array through an opening on his side of the bo3C» Jhowever^ and 
there was ^ similar opening-on the opposite side from 0* A second 
observer was also shotm looking at X» either from 0*s station po^nt 
(on problems) or from the opposite aide (on problems)* The child 
was informed uhich of the two pictures showed the second. pbse^Ver's view, 
and was told that this Information was a '*hlnt" that wou^a help him/her 
figure out which picture showed O's.vlew* .It is apparent that, despite 

8 
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ttie Impossibility of direct coioputatlon In el^ther case, problems can 
be solved by using rule 2 and R^ problems by applying its corpllary* 
RCg and RC^ (rule or computation) problems were Identical Tfco and R^ 
problems, respectively, exc^t tiiat X was not covered by the box and 
Jjence tjas visible to the child as well as to the observers* A child 
'could thus solve RC problems e^th3r^by rule, by coti^utation, or by some 
combination of the two methods* Subjec^6 uere urged on all three types 
of problems to indicate bhelr picture choice just as soon as they vere 
sure of It, and response latencies uers recorded* The experimental 
set up and jgrbcedures were such that it normally took Subjects a matter 
of seconds to solve problems by computation* In contrast, latencies 
for rule-based solutions could be zero**order, since the second observer's 
picture was l^om to the child before th& signal to solve the R and RC ^ 
problems was given; ' " ' 

Comparisorfe with the Salatas' and Plavell (1976) study may be useful 

\ 

in highli^ting'special features of this study* Most Important, that 
study sought primarily to assess rule . knowledge i this study, bpth rule 

* \ 

knourledge^and rule use* In that study^ the cMld cojild only show his/ 

ft * 

ber.kno^jledge of rule 2 by the answers s/he gave to explicit questions 
about whether other Os in other viewing positior*s could oee X as this £ 
does* m this study we also asked the child questions, but only in. a 
posttest inquiry* were primarily interested in when-*«*or Indeed, 
whether — the developing elementary school lage child would nonverbaliy 
testify to the possession of rule knowledge by actually using that 
knowledge, "on line,** to solve real if somewhat peculiar perspective-* 
taking problems* A rule user could solve R problems at least as accurately 
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and iDuch ssore quicldy tban< C problems » Bince computation processes ob- 
vtou«tly take time and are potejitially subject to **f)er£ormance errors** 
even In d skilled pefspective^^jtaker* * ^ ^ 

*We ^Iso have the possibility^ as Salatas and Flavell (1976) did 
not» of estliDating bow stuch tbe children trust the rules 'and bow 
explicitly they understand them* / Suppose a chi^d solves all three types , 
of problems quite accurately^ the C problems in a few seconds and the R 
problems In a fraction of a second* How rapidly does sAte solve the RC 

problems? It mig^t depend upon bis/her developmental level* Older 

* * 

subjects^ for whom the rules' ha\7e perhaps* become explicit^ coiq»letely 
general^ $emi-nec^ssary truths^ mi^t solvere problems exact?.y like R' 
problems^ feel^ins sure that subsequent computation would aJU^^s confirm 
picture selections 'based solely on rule use*, younger ones» for whom the 
rules may ndt yet have become as vrell articulated and aa context^fee^ 
might elect to^solve them like C problems^ thereby showing an ovatall * 
strategy of using rules when nececsary but computing when possible* Still 
other^ intermediate solution patterns ore Imaginable, such as^ computing 
on. Initial RC trials In order to verify the truatWorthiQess o£ the rules 
and later switching to xule^^ly Strategy In order to achieve the rapid ^ 
solutions the experlioenter wants* 1!hese experimental features » together 
wlthSpthers to be described^ should provide a richer picture than the 

Salatas and Flavell (1976) procedures could of the development o£ rule 

I 

knot^ledge as well as rule use* 

liiere were also other differences between the two studies* - Pre« 
limlnary Instructions aid familiariacatlon with ta^k requirements; pro-* 
cedures» and meterials wiere more extensive in the present study^^ ' There 
were also more conventional (C type) vxev selection test triald on which 
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to gain practice in coaq>utijigj only one 0 ta select a view picture for; 
and only txfo view. pictures present to-choosc.between^ neither of ifhich 

teiopts egocentric responding by shotrr&g tbe chlld*s own view. These and 

. r ^ * ■ ? 

'possibly other features seem to have resulted In a distinctly higher 

level of con^utatiot^ performance in the present study /especially* in'^the 

— ■ , * ' * 

second of our two experiments. This <Is a hlgfbXy desirdble outcome^- 
because It provides added asdurance that the children really, tyaderstood 
the task demands**an eVerpresent problem in spatial per spec tlve^taiklng 
tasks. FlBally^ we did not have to worry about the chlld^s ability to 
use rule 2 being depemfent on the correctness or certainty o£ the child*? 
Initial view computation: the child did not have to compute the' second 
observer's view In R and RC problems at all» since that vletr.i^aa 
Identified for him/her by the experimenter* In the ^^^e.t^es of 
problems used in this study» then» the conceptual distinction between 
ruXea and computation seetaa clear^ and the, experlio^tal uncotifoundlng of 
the two ^ems complete. ' , 

* ■ ■ ^ 

'^o e^cperliaents ifere done. Since the two i^ere quite sindlar and 
their results will be « repeatedly coiopared^ .they are reported together' * 
belm?. 

,* 

HBTBOD 

Bxperiinent 1 " ■ ^ ' , ^ 
Subjects / * , ' 

^ 8eventy**f our children randomly selected from the firsts third* and 
fifth grades of an elementary school in a largely Bdddle-class suburb 
of Uiitneapolis-^t. Padl particlj^ared in, this experliibnt . "i&o third grade 
.males were test'ed initially but eiccluded ^because they were auapicious of 
bein^ tricked. ,The remaining 72 childten were 12 boys and 12 girls at 
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each of the three grade levels. The ueaq age of the first grad&rs was 

' ^ - ^ * 

6 years 8 months^. with ^a^rmi^e of &, years* 3 months to 7 years 0 odixthH., 

the niean ag^ of the third gradairs was 3 years 7 iao!iths» with a raage ot 

8 years 3.Q0nths to 9 years ^0 ismths. The toea^ ag&>of tha fifth graders 

^as 10 yeara '7*iiioQths» wi^ a range of 10 years 3 ncmths t^'lO years ll-wnths.- 

Apparatus and Materials \ ' ■ . , 

Three (lolls .(12 cm x 14 cm x.l9 cm) in different colc^red dresses , 
were placed di^^^ly (see Figitre 1» Salatas & Flavell,. 1976) ojk ^ . 
A9.S cm x-A9.'5 ^.bcMUcd vhich rotated on a La&y Susan.. Each doll aat . ' 

facing forward with a bottle In its ^igiht; hand. TWo dclla (7 cm x . v _ ^« 
5.5 cm X 1A> cm) > tlickey Mouse and Donald J)uck, served as J*obssrvar3-'V^ ---^ 
Donald was alwa(Sfo situated at the s^lde to the child's left. On R and 
RC trialsjonly^ Mickey was seated either on the same side as Donald ^ 
(Rg and RC^ trMla) cr on the oppositTe side (R^'^d RC^ trials). Fout^ 
tioloaed photographs (12.5 cm x 17.5, cm) depicted the four cardinal views - 



of the arr^y; one test pair consisted bf the. front and ba^k views of, the 
ioXX^\ the. other of jthe tdo side vleuQ of the dolls. . For each ^trial^^^ one 
test pair was placed^ In front bjf^:the child on a 35 cm x 40 cm x 5. cm. 
response bo&^ 'A 60 cm^x 52 cm,x 39 cm cardboard b03£ covered the ■ 
stimulus array at the beginnlng^of every .trials TWo 20 cm x 24 cm ' 
^Hdjiidotrs" were cut in the middle of opposite 3i4^a of th'ie b^3C» pl^r^* 



mlttlng the ^observer .dolls > but not.the child> to, "sea" the sti^ ois 

*^ * ■ ■ . ■ " * 

array. A 25^ cm x 40 cm x 2,Hcm 1-ld covered the two e^oto^aphs^ ^Av4^g , 

exposed- two jresponse buttons located to tbo right o{^the4?hotpg£ftiphft* V.\' 

When this lid was removejij^^a micro-»tflfitch activated a timer (IjaiJhjsOtlai, ^ 

Timer» model C^^lOp) and de?]^e8^|^n^pf e^thj^r. response butti^it stopped^ lt»/ ' 

there1by_recprdlng response latencies. ^ v " ' " ■ ^ >^ 
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Procedure ^ 

Pretralnlng seaalou * The child was seated behind Doualdi botli 
facing the Slls. For each of the four cardinal views of the dolls i 
Che experiinenter instructed the. child to< **point to the picture that 
shu;^3 how the dolls look to Donald" from ^ong the four photogtapha*" 
Incorrect responses were corrected by pointing out the view*s disttrictive " 
features 'in a standardized manner dn<l the child xjas subsequently re-* 
tested on that view* ttext the child was seated\t t% side to Bonald^s 
right* Beginning with the dolls, facing the childi the experimenter 
presented the child with the photograph of Donald*s vley and askedi 
"When the dolls are turned like thisi is this hew they look 'to Donald?" 
Ihis procedure was repeated fpr^the remaining three views* An Incorrect 
response was corrected in standardized manneri as abovoi and' the child- 
waa subsequently retested on that'View in a forced choice situation 
using the .other photograph of the test pair as the cottparison picture* 

Training seasibn * The ch^dren were trained on the three types^ of 

> 

problems In this fixed' sequence of four trials: C| Egi 8^* The 
child was told to close his/her eyes while each task was being set up* 
The experlioenter then set up the first C trial by covc^ring the dolls 
with the boX| placing the test pair of photographs which iod^^d Doaald*s 

view on the response bo^i and covering them with the lid# After 

• ^ 
reopening his/her eyed> the child was told that when the first experimenter 

said "(Jo.** the second experimenter wQpld simultaneously t^covar the 

dolls and the pictures » and the child shpuld then indicate which picture 

shows Donald*s view by pushing the ^button next to it* Errors were 

corrected as In the pretralnlng* Additional infoi^tlon ww presented 
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on the second C trial: "Ihere is always a right answer. One picture 
always shows you how the dolls look to Donald, and one doesn't. But 
sometimes- that right answer will be down here, and sometimes i£ will 
be up here. Each time when Cindy sets it up, she turns the dolls 
around, so ho^7 it was before won*t help you. You*ll have to figure it 
out all over again each tl!^e. OK? How you noticed that when wa un^- 
covered the pictures, this timer went around. and when you pushed this 
button, it stopped. Because the timer is going, we want you to push 
the buttons as fast as you can, but not until you have figured out the 
f ht answer* So firat you figure out vhich one Donald sees> then you 
push the button* Dow, if ycu pu^ the wrong button, tell us and we*ll 
let you do it over again. (The trial was repeated later in the session 
when this happened.) Each time before you start we Want you to ^ut your 
hand up h^re (on the table) so you can get to the buttons. OK? Let*s ^ 
try- it. Go." 

Next» the child was presented with a trial. 1>lhile the child*s 
eyes were' closed ^ the experimenter placed Mickey next to Donald and a , 
tag with a picture of Mckey on if^ under the corresponding picture. 
Ihe picture of Ulckey on the tag was clearly visible ^lle the pictures 
themselves were covered. The child was instructed; **How we have Mickey 

r 

with us. He is In the same pl^pe as l^^ld. , ttefs looking through the 
same windou. This tag tells you that this picture Is how the dolls look 
to. Mickey. Now'we*re still interested in how the dolls look to l}onald. 
liLckey will laz here a^lot, and each ttm 1*11 tell you What he sei^s, 
but we never want to know what Itlckey seea~only Donald. 1*11 never ask, 
*How do the dolla look to tttckey?* but alwaya^ *Hotf do the dolls look to 
Donald?* This tag Is a hint. ^ If you know how the dolls look to'Hicit^, 
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that can help you figure onp how they look^to Donald* Sontetlms Donald 

win see the sanie thing as Mickey^ so When I ask» *Hgw do the dolls ^ ^ 

look to Donald?* this (shakes tag) will he the rlgsht answer* But 

fiOiDetlioefi Donald von*t see the iama thing as ltLckey» so when I ask^ 

*Bow do the dolls look to Donald?* thlfi.will be the right ananmr* Each 

tlioe you^ll have to figure out If the dolls look the sainet ^r different 

to Mickey and Donald. OK? Now, this tioie Cindy lan^t g^lng to uncover 

the dolls* And you* 11 still have to figure out» ' using the hlnt» how 

the^dolls look to Donald. ^ OK? Go*" Errors were corrected in the 

following manner: "I liked the way you pushed the button^ but this Is ^ 

the right .nswer* Renenber^^^en we said that sometiiaes Donald sees the 

same thing as KLck^^? Well this tlm^ the doll9 look th^ 'sane to Donald 

and titckey* Donald and Iflcfa^ are In the same place. They are looking 

throu^ the same windofjr. Sils time they see the saii» thlngl But maybe 

next time they won*t; OK?'*' ^ . ^ ^ 

Finally an HC^ trial was introduced* The eoiperltienter placed 

If^ckey on th$ side of the box opposite Donald's side^ rotated the dolls » 

and placed the ^appropriate photographs on the response box^ with Klckey*d 

tag under the phonograph of his view* '^is tim lackey is 6ver 'here* 

He*s In^a dlffer^t place than Donald. He*£ lopklng througji ^ different 

window. And this picture shows how the dolls look to ttlckey,- thou^ , 

we're stlll^^lng to. figure out how they look to Donald. Ihis tim. 

Cindy is going to uncover the dolls* OK? Go/' Errors were corrected 

In the following manner: ^^Good» only this Is the r^Gsht picture* You 

can £lgure this one out a couple of^^ys* Reineiij>er we said that sotnetiioes 

Itlckey sees the saitke thing and SoBtctimes he sees sosiething different* 
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Well, tblGk tdUne Mckey sees something different from Donald* He*s In a 
different places, He*d looking through a different window* So this Is V 
the right answer* Also, does I}ondld see the fj;ontB or thj» backs? The 
hacks? !{hlch one of these la a picture of the backs* ^Ehls, one* niat*% ^ 
right* So t>ere are a. couple ways you can do this* OK?''" / ^ ^ . 

All children received these four training trials la the ^aine order* 
The nature of Donal4*$ view and the location of the correct pho^^ogra^^ * 
on the response board was given In a fl]ced,'-,;tandgm;order. over^ftrlals: , ^ 
All children successfully coi]q)jLeted the training sesiiipn^ . - 

^ Test trials * Each child received 24. test trl^f, 8 each of 'type. ■ 
R,' C, and BC; within there were 4,trlals..eech of subtype end R., 
and wlchin RC, 4 trials each of RC^ and »C^* Trials wen j presented / . . 
in four unlnternipted blocks of six trials* ^aCb.^blodk OQntelne^dvtwolvf i^y 
C trials, and one. .each of subtype R^, R^, .RC^ end VC^* B&cti sjibject-^ . 
received the three types of trials In a fixed altetftatlng^ordec )io 
that no type of trial was ^xpe^euced twice In a ik^* Tfa^s difder'^ 
remained fixed over trial- blocks* ''Al2? slx'iposslble'ar^^s'^ol 'C, ^ ' 
and BQ problew were used across subjects* ' Th«£Xocei:ion of "thl^tR^/ift^', 
RCg, and^BCj trials and the two C trials within, a bibcfc o^'lilx Vas /' ' 

that each occupied a different ordinal position aVrbsef 6l^ '(^tder^*' " ^ 
The location of the correct photograph on tbe reepd&oe' boatd 'im ^^ach ' ' 
trial uas given in a fixed ri(lidom order acrbas' alf siib^ji^cVeV 'T6t 4^ch 
. type of R, and RC trial eaiih of the four '6ardinal vj^ff^S Wks'lbbneld^i^ 
view t^ce durlng^the session*' ' ' ^ ■ ^ - . . ^ ' 

- Before each R or RC trial t&lck«y*e Ideation ifok :pointfed ovft^by ' 
*'He*o In the sane (a different) place than Sotiald," and the location 
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of £ha tag by> *'TIiis hew the doXle- look to Mlcloey." Oa C trials it 
was laent^oned that Donald vas all by hlniself * The child was also told 
on eadb trial Whether or not the bo^was comlr^s off^« 

Inquiry . After cooqpletloa of the last teat trlal» the child was 
asked how s/he 9olved the R und C problem, r ()ueGtlons, were aaked In ^ 
a standardized fashion and probleRB war^e recoilstmctedHas loeiiiory aids' 
Whenever necess^^ry. Ua£ortuDately» the Inqui^ry was ^npt adde^ to^the , 
procedure until 3 fi^t graders^ a^ 5 fij^tt^ .graders had be^ tested. 

Eapeyloeat 2 i 

It waa decided to do ai;^ "liaprovad** 'rep3^catloii^with-*vairlatlQa for^ * 
several reasons. ^ First and foremost^ an apparent; inability. on ^.e part v 
of sotne children to asslndlat^ quickly the^nfomatlon^ describing the ^ 
upcomins trial sometiiaes sedwd to result in careless errors. ^ Because 
the rapid ^.^uninterrupted sequence bf 24 t;e8t trials nl|^t have be^ 
responsible fo^^hls inability^ a 5-^8econd^f*jbhink period'Vyas ii>serted^ 
In between the description of each trial and the "Go" comaod In Experl-* 
ment 2. It was hoped that th;l8 modification would htlp subjects perfom 
at the bluest level of which they were .capable. - Second^ the ^itperimenters 
noticed that children vlth \w latencies soften Inched^tbelr finger;, 
toward the-.co^cct response button on & and KC^ trials during the descxip^ 
tlon of.the trl^; fii«ger.^iaoveiQents» ther«rfore» were syatamati^^aliy 
recorded in.£:Kperliient;,r2..,.Ihl^d» children Who lude InEoinrect choices 
on trials during theMtralnlng session, r^celv^ feedback. 4^out ;their 

•si t % 

performnce that^f^wija n^ic ^i^ecelved by clilld^en^srho ud^ correct \cho^ea. 
This feedback contained potentially- useful^ iiiforiiatlf^^about.AQlutloa'- 
strategies. Consequently^ In Experlaant 2 the exp^riinenter ^ye the . 

17 ' 
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same feedback following correct and incorrect responaen. Fourth, the 
tralnlttg aesfilon expoeed the children only to G, R : RCj tr&ls'piriQr 
to the test trials^ In Experlm&nt 2, therefore^ they ^wer^^ also given 
practice and SG^ trials after the training eessloit* ^ ^fnce no feed-* 
back was given on the^e two trials'; they were indifitingiuifihable fr6m 
test trials from the 3ubject*fi point of vicfir* HnblljT, the^lnquii7 \9ast 
tmsystematic in^-its tise^of trial reconstruction l:o '^Iclt'^repbfts^ of ^ 
8uj.vlng. strategies* The Inquiry In Eitperlinent -2- therefore hiid the child 
contplete the appropriate trial Imaediettely befor^ being aslced how it was 
solved* In addltl'on, ^the child wa^ adked how tai tC' trial waa salved as 
well as an R and a G trial} on all three types, the children were' also 
aslted what they did during the thlhk peflod* " ' ' ' ■ - ■ ^ 
Subjects ■ ^ ' ' y - ' 

Fifty-two children , randomly selected from the'fi'rst ^ir«i 
grades of another elenterttary school in a primarily nlddle-claes 
suburb 'o£ HinneapoliQ-St* Paul served as subjectaj th^ '^rfortiance of 
the fifth ^aderd in B:(perlnent i was good endu^' td make ir^tt'eem un** 
necessary to include subjects of thle jgrade In Bsperiment'2* ^ur 
children were dropped from thfe analysis, one flrat^gMde' girl because 
1/5 of her latencies wer^ over 15 seconds, and two fifst**^^e^^d^^bdys ' ' ' 
becatise Inattention during the' session*' llte"^ rewd^ifng ^48 "idiiM ' ' ' 
were 12 boys and 12- girls at each- af the' tm> gi&d« ^Xev^if]^^ the^i^iax^ ' ' 
ages of the expeicimental samples were'6*years'I0't»nrt^«V 'wi^^V*ran^ 
of years 7 laonths t(i 7 yfeara 2 iwttths for th^'flrtftf' gfade*'^% yeSw 
11 mdatha, With a ratifeei of 8- yeors -fi' B»ridiW' to -9^ yeattf '3(" incmtli^^^ 
the third gtade* ' ■ • ' ■ ■ ' ' ■" ' ; 

f 
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Apparatus and Materlalg 

^The apparatus and materials were the same 'as la Esqieelmeat 1 with 
the followltig addition*^ A 5 cm x 8 ca ofc"4 cm box with a button and a 
light was connected to two timers (Hunter^ Mcdels lOO-C and lll-C). 
After each trial had been described to' the child » the experlmenxer 
pushed the button* After a four £>*rt:ond Interval the light, cajoe oti»^at 
which time* the. experimenter said *'Seady**;. one second latar the li^t 
went off, at which time the expen nenter said "Gc#" Both' thel timer 
box and the timers were placed under the; table so that ody the experl* 
menter could see them* 

Procedure _ r. . " . ^ ^ 

PretralnlnR session * The pretralnlng session followed the same- 

procedure as In Experiment 1. 

Training session * As 1^ Experiment 1> children wera trained on 

two C trlaxs followed by an R and an RC. trial* Tralnlttf; on C trials 

s c 

followed the aame procedure as In Experiment 1 with these additions. 
The five-second thlnfe period was explained at the en4 of the first C 
trlal^s description with the Instrxicclons: "Each time'^I'll give you a 
couple o£ seconds to f;et' ready and thlnlc about whst you're gplng tb do. 
Ihlnk about \*at you* re going to do* (Eiqjerlmenter pushes button on^ 
timer box*) Beady., Co,*' Towar^.the end of the second C tibial*? 
description the experimenter sald» "Bach time before you start we want 
you to put your hend up here (one table) so you can get to t&a- buttons*'' 
If you know which picture 0pnala sees J>efore we take the hcfx off you ' 
can put your finger on the button*' (experimenter deDionstrat;esV«^ After' 
the child* coit^>leted each of the C trlala» the following feedback was 
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given regardless (5£ the correctness of the child*8 response. *'That*^ 
rl-ght (orv I like the way you pushed the button, but this is the 
right acGwer). Doaald can see the bottles and this is tbe picture 
irtth the bcttles, isn*t it?" Training ©n the R . trial wrfs the same 
as An Experiment 1 except for the Addition of the think period 
Instructions and the follotilng. feedback givTen indepeodeiitly of the 
correctness of the response: '^1faAt*s ri^t (or; I like, thie vay you 
pushed the buttons, but this is the right answer). Htckey is here in 
the saaie plfl(ce as Donald, ^is (points to lltckey*'S;j>lcture) is^how« 
the dolls look to I'Uckey and from that you can figure out Which one 
Donald sees.*' Training on the RC^ trial had the same add:fttons as the' 



R trial. Feedback on this trial consisted of *'Tbat*3: ri^t .(orr 
s 

I , like f he way you pyshed tbe button^ but this the right aniycnr). 

There are a couple of ways^ you- could have figured this oni^oiit..: Firsts 

lUckey is over there in a different. place than Ikmald^^Ihis -(points 

to Mickey's -picture) is how the dolls look to tttckey ^snd frc^^th^tV&t 

can >:igure i>ut which one Donald aees.^ Alsa Donald cad^t the bottles^ 

can he? And this is the picture without the bcttles.*- - ' ^ ' 

Practice trials . After the tralnihg session thtf cblldf«i4'"^e given 

an R, and an trial without feedback. 'After ^e flrst*"tri%l, l3ie " ^ ^■ 
-d 9 «te 

child waa reminded: ^'HemoiAer, push the buttoni^ as ftiiit sv y^u can a^ * 
if you ^know which picture Donald sees bef ord W tcifce tlife^ libjt of l[» yoi^ ' ^ ^ 
can put your- finger on , the button." Ittth ChcT^i^ceptlon of "t^ls liddltlLcii 
the Instructions before-^esch' of 'thesb trials was t\xe*iiBM i9 In^he ' ' '^ 
^tra'inlttg session. *^ - ^ '^"^ 
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Test trials . The number of trials and order of th<ilr presentation 

2 

were the same as in Experiment 1. During the think period of each trial 
the tt9o experiiBenters independently noted the po^itioa'o£ the child's 
fingers relative, to the , response buttons* Finger movments were' coded 

^ in terras whether the child*s fingers were Cl) on hia/her lap, (2) on 
the table, (3) on the reaponse board in between the buttona, (4) next' 
to a button, or (5) on a button. ^ 

I nquir y; After Completion of the test trials the child *was 

» questioned about how a/he solved the three types of trials. Before each 
type of trial the child was litstructed, "After yoy- finish thia trial l*m 
going to ask how you figareij it out** OK?" The child was then adminis- 



tered that type of trial and immediately asked In a standardized fashion 

xAiat s/he thought about during the think period and How s/he chose his/ - 

her answer* The order of questioning was C, RCj,iaad R foJ^ children. 

d s 

RESUtTS 

Response Correctness 

The most important of the dependent measures examined in the two 
experiments was response correctnesa. It was first used to find out 
Aether the subject^ seemed to construe ?ul^ 2 and its corollary aa 
two distinct and different rulea or as two^lndlssociable-^arts of the 

4 

aame rule^ The former alternative would be supported by two poesilile 
findings. First, there might be little correlation, within aubjecta 
each ptade level, between the riunfcer of correct responses on ttie 
four Rv trijals and the nuniber of correct responsea on the four R. trials. 
Second, suDjecta^mlght-perform^ysteroatically better on one type' of trial 
than on the othet\^A result of tlila aecond type would auggest that 
one rule is acquired ^i^ier, or at'Xeaat becomes available io'^ uae 
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on ft* problems earlier, than the other* Product-^ment correlations 
between R. and R scores within grades 1» 3, and 5 of Estperiment 1 and 

Q S 

grades 1 and 3 of Eiqperlinent 2 were, respectively, -.05, *40, *69, ^ ^ . 
*18, and *48* T^tests sho^Ted that the first graders performed , 
significantly <£ < *oi) better on, than on trials in Ejqie^f^ment 1 
and hear-significantly (£ < *06) better in Experiment 2; these were no 
reliable differences In the three older groups* In- the two 
experiments, a total of 10 first "graders and 2 third graders chose the 
untagged picture on either 7 or 8 of the 8 R trials, thereby appearing 
to solve Rj pr^blents better than R^ problems. Inquiry data were available 
on 10 of these 12 subjects* Of these 10, 8 reported'soine version of 
~thef slmpTe7"nonper rule that, on R^ and R^ trials alike. If 

this (tagged) picture is Mlckey^s^ then the other (untagged) one is 
Donald^s, e*g*» *'This Is for Mickey^ so this is. for Donald/* Four 
subjects Who did not ineet this 7/8 response criterion aXso verbalised 
the same mle during inquiry* (In contrast^ only two subjects chose 
the tagged picture on 7 out. of 8 trials^ and neither verbalized any sort 
of always-plck-the-tagged-pictwe mle in inquiry*) Xf we exclude from 

the analyses only the 3 first graders In^Bxperiment 1 and the*4'ln 

\ 

Experixoent 2 wbu phose the untagged |^icWi^^.^ lea^t 7 'tiiDe9 and^also 
verbalized the above**mentioned nonper6pectivaI\rule in inquiry^ the first 
grade correlations become *09 and *52, respectively^ and the differences 
between R^- and' scores in these two groups are no longer statistically 
reliable, there appears » therefore'^ to be no compellins evidence that 
Rj and R^ problems were perceived by the chiljdren as being two different 
^types of problems or that one rule develops earlier than tlje of;ter# 

22 
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Accordingly^ in all dubdequent analyses and Rg trials and RC^ and RC^ 

V 

trials have been collapsed into R and RC trials^ Respectively^ and 
Vrule 2" vill henceforth refer 'undifferentiated I7 to rule '2 and its 
cotollary* . ' . . > ^ - 

Since there «ere only^ two pictures to choose from on each trials 
'a subject could naturally bq correct on 4 of the 8 trials ot each type ^ 
by chance alone* A criterion i)f at least*? out of 8 trials correct 

was therefore adopted and taken to reflect gdod ability to uae rule 

^ - ^ ' 

2 on R problems '^xA to ciooqpute on C prbblemg* _Which of these two 
abilitiea criterion perfohimnffe;<hl HC^tlalT^e^^ 



course^ not be detexmined without additional evidence* TabXd 1 shows 
the nuTE&er of children in each grade who met this criterion for esicb 
type of problm* In Experiment 1 performance on each type of problem 



ItCsertf Table 1 about hen 



improved with age/ for R prbbtems, X (2) * 14*82, £ < .001; for C 
problems, (2) « 6*41, < *05;. and for RC problems, (2) « i5*73, 
£< *001* 'It^is apparent that vety few of the first graders did well^^ 
on the R problems* In Experiment 2, none of ttie age differences were 
elgnlficant, althou'gh there was once again a tendency for the younger 
children to per^omi relatively more poorly on .'the ^ pirotoleiiis* ''Xkble 1, ^ 
shotfs that the performance of Ithe^. first and third gpre^er^ l,n Experiment . 
2 was rather similar to that of the third-ai4 graders , In Esci^erJt* 

ment 1, respectively, both iix absolute- ley^l and in, profile, d<^068 ^ 

* problems*. Mo sex differences were apparent in either experiment* 
f ■ ■ ' 

A variety^of analyses of variantfe were also .carried oat on the picture 

choice data, but they added nc new information of interest* For example,^ 



aft - * 

22 

a 3(Grade) X 2(Se30 X 3(Problem: R va. C vs. RC) analyaid of variance 
was computed "on the nuii!l>er of correct responses in EHperiaent 1. 
Significant effecta were found for Grade, F (2» 66) 18.41, ' 
and Problem, F (2, 132) « fU36, ^ < .01, and the Grade X Problem 
Interaction, F (4, 132) « 2.45, 2. ^ ^^^-^ 1}ie -con^raible .analyeis o£ 
the Experiment 2 data yieXded only ^ .reliable effect Vor Problem, 
F (2, 88) • 7.22, £ < .005.. , , ■ . * . ■ ^ 

the design of the It and C problems alloved th^ Independent, 
assesstaent p^f the ability to use\ruXe 2 and the^ability to infer . 
perapectivea In the normal fashion.' The ab;illties latgiKt^ however, 
be correlated within aubjecta of the s^ame age.^ Fourfold coAtingency 
tables were constructed shoving the nunfl^er of subjects in ^labbTof the 

fi^ groups ^o did and did not meat the 7/8 criterion on each ^of the 

* 

2 ■ ' ^ 

two types of problems* Heme of the five X values were significant, 

suggesting that thei;e may be no ag&*independeiit association between 

the t}fo abilities, at least in th£s task setting (diese and all other 

chl-aqtaarea of dff « l"were Yates-corracted) . * i 

Responae Latency * ■ * 

' - ^ * . f^^' ? : :j * t >. 

A critical difference between the R and C problems was that the 

Informtian needed to aolve R problems was availlible before uie onset 

of the triaX, While titaf needed to solve-C proolens was^only itv^ilable 

at the onset of the trials wben'array and {Slctures Wre'^e:cp'qsad.^' C 

V 

problems typically tequi^e^ a'eVer^ seccmda 'to solve ^Ule it problems, 

^ if 

being ^V^^^olvable," were often re0pK3nde'd to Iri less than *^oae second 
after trial onset. Solving our G problens In leds tlmn one aecohd Is 
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poaeibXe but difficult. Iiiothe tffo experlntente^ a total of 960 C ^ / 

problems were admlnietered; only three of these problems' were solved 

in less than cnae second,, and one of* those three wae solved incojrrectlyv 

Consequently, response latencies less than one second. were considered 

' ^ ■; ' ' ■ "'7 

a probable indication of rule use. . 

Table 2 shows the frequency distribution of the nutnber of children 

in eaqh grade of the iiwo experiments classified according to the Qu]ii>et 

of reaponse latencies lesa thah one aecond (zerch*C^rder) on the- It 

-* - - * * » 

problems. Children competent in using rule 2*jQig^t be e^cpected^to have 
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zero-order response latencies 'on aK>st of the R problems; children^ not 
competent in using rule 2 mL^t be expected to have no zero^order 
-response' latencies; on the R probleios. Tdbl< 2'S»hows/ the distribu- 
tions tend' to be biiaodal,r^td.th more than half oi^ the -subjects in e^^' 

ft" ' . ^ ' ' 

group shotd.ng either 0 or f~8^ zero^oHer latencies* Comparing the 

nmd>er o£ childrc£h in Ei^etJUaent t who had no ^jero-orden^espccse * / ' ^ 
latencies with the nunber liho had^ or 6-at <*£tch grade level reVealed ^ 
an interactional pattetn. Half ' of the ^irdt an^' thlrd graders but 
i>nly 5 .of the fifth gr^defrd had no)'zero*btder laj^encies; ib contrast, 
1 first grader; 4 thii?d graders, ind 10 ^fiftK gtaders had .at least 7., • 
A aiiallar pattern appeared in the^£|x];ieriinent 2 data; ' 11 'first graders 
vs. 5 fifth graders h^d no zero-order'liiEt<Sac'ies^^ 6 firiii./gradera 
VS. 14 third graders had at least 7:''']^6th of ^eeie 'comparison 
reliable; x^(2> »'l5v7Q, p C'V0ai '^^^ Experlm^t I 'and Al) * 3»9l,' 
£ < *05 for. Experiment 2*' In addition, tt^e nuid>er of :first and ^ third - 

2^ V ■ 



graders In EKperlment % in the9^ categories Is^'^dgain similar to the 
nuniber of ttUrd and fifth, graderd In Experiment 1 In. these categories^ 
respectively. Lateacles ^^/ere also recorded on the ttro R ahd two RC 
training trials In Bxperltment'Z; 3 first graders and 12 third graders 
showed a zero*ord&r patency ;(»>.at leaat one o£ those^four trials.' 

RC problems all<wed assessment of choosing tp t!&e rule 2 that wa^ 
independent o£ the ability td use rule 2 as assess€^ by R problems* 
This all<n?ed the identification o| children wtio <i^ld utfe.i^ule 2 but * 
did not wh^n givett the opportunity to use computation iMt^ead* There 
proved' to be very few such childr^n> h<iwever# Of the 12' first graders 

and 18 third graders in Experiment 2 who could use rul^*2 ecccftding jtO' 

* ! 

our 7/8 response correctness crlterica on'R trials ,V10 aad 17 > respec- 

. v. , 

tively, reported solving the EC inquiry trial by fula rathef thah bjf , 
computation. Moreover^ the groduct^^moment correlations between thC 
number of zero^order response latencies on the R and tHe Rd problems . 
were: .86 for the first graders V « 91 for the third .graders^ end *95 ^ 

for the fifth- graders in Escperime^ 1; *95 for th^ iir3t.^gradera,and , 

. ■ ^ : - - ^ - \ ' ' 

*09 for the third graders in Experiment 2* the two helves of eaeh 

block of six test trials* each contained .one R» ouq C» and one RC trjLal 

The set of 24' test trials therefore viade up a -succession of 8 of :^tt)e^e 

half-*bl6ck$. Ihere.vere 61 subjects in.the^ two e996rlinenttf' ^o ^9d_. ' 

both one or more zero-order latency R, trials'^and also-ona or more j&aro 

order latency RC trials. The first short^lacencV. RC^trial ocdurrf^^ v 

in the same half^block as the first short^late'ncy RC tr.ial.fdr >23 ^ 

subjects^ in the just previous half-block. fcr .9 ^subjects^ jutd^^an^j,';^ 

two» three, four» and five half*blocks later |or».respec^lve^y» 
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&f 4t 2» and I aubjecta. There vaa no tendency for theae latter^29 

c 

subjecta to be -younger than the other 31. Thus» although virtually 

(ft ■ ' 

all subjects who solved R problenis via rule 2 also solved 1^ :problem 

\ \o . " 

the sao^ way^ som^ of vthem may have also or in&tead computed ^n otte . . 

or mc^ additional RC trials after beginning to use rt4a ;On.-R.^trldls. . 

That iBf Botoe children did appear to show the intetmediate aolutiqn 

pattern mentioned In the introduction. . t 

Ihus far we have dlscusaed two indicators of rule 2 use:' reaponse 

correctneas and response latency. As the interpretation of subjects* 

behavior on BC pro^l^ms relies exclusiveljr on iresponee/latencyt it la 

\ . 1 ^ ■ ' , 

necessary to examine the relationship betwe^ the two. Product. jBomjdt 

correlations between the nusk^er of correct responses apd tfhe puiifcer of 

zeico^order reapoi^e latencies oa*the R.problecia wxe •49 for the^fir^t 

gradejcs^ .46 for the third gtadcra, and .33 for.the^fifth gradera^-ln 

'Experim^t 1; .55 for the first gradera and .62 for, the third gradera^ , j 

in Experiment 2. ^ , ^ wt r^-^ 

Answera given to questions during the inqulty provided: furthejcf ^ 

e^ Tence of ability to use rule i. In*both expe^lmenta/tHe answers 

were categorized as atating rule Zf stating an inappropriate rule (in ^ 

all but one case the nooperspectival rule that Donald «i,?vayd sees the 

untagged picture)^ stating no rule» and contradictory. Interrater relia-* 

bility for these* four categories ( nunber of apreenents 

nuniier of agreements4iiuDi>er. of dls agreements 
coi[;)t*ted on all d'ubjecfs was .91^ for 1^ first graders » .95 for the third 

gradera,., and 1.00, for the" fifjth gradei;? in E3{pejriment,;ii .96 for iche 

firat graders and .96 ^fox;,the third gr^d^er^s^la^SJIi^ri^^ 

t, * * * - ' 

few children were categorised as stating an Inat^proprlajke or contradictory 
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rule, these cstegorles^ were sijbsequexttly coidbined with stating no mle*^ 
In Escperiment 1, the^unber of children ^o stated the tele significantly 
increased with age. Of the 21 first graders, 19'third graders^ and 24 
fifth graders ^o received the inquiry in that experiment, 5 first 

gradejcs, 13 third graders, and 23 fifth graders st^ed rule 2, 

2 ■ * 

X (2) « 25*M» £ < *001* In Experiioent 2, however, the nuinber of children 

who stated the rule did not reliably vary with age; IS first graders 

and 18 third graders did so* 

Finger tfoveinents 

The child^s finger moveiDents during the think period of each trial 
were independently coded according' to the five categories described in 
the procedure section* Interrater reliability coaputed on all trials 
for 45 children .was *99* Sine? the information needed to solve R 
probleiDS was available before the onset of the trials children able to 
use rule' 2 could get ready to respond rapidly by placing their fingers 
either next to or on the appropriate button* A chi-square analysis 
was performed on the number of children in each grade who did this on 
at least 4 of the 8 rvlk problems, provided that they did not dz the. 
same on conq>utation problems; 4 first graders and 11 third graders met 
this criterion, X^CD * £ < *10* 

Bespo^ise Patterns 

Ifeeting any of the following three response criteria should ^reflect 
at least some understanding* of rule 2 in most subjects: (l) 7 or 8 
R trials correct; (2) stating rule 2 during inquiry; (3) 2 or more R" 
trials with zerororder latencies, provided there was aJtso no evidence 
from inquiry or pattern of picture chblces^ that the Btibject was pipbably 

28 ■ ■ , •■ . 
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following the "^^P^^P^^*-^^^* untagged^plcture etrat'egy (this latter 
reetrlct.-f-'^ actually excluded only three subjects from meeting criterion 
3^^ /Inger iDorements did not prove to be a sufficiently sensitive^ 
ioeaaure of rule knovled^ to be included as a fourth criterion^ and ^ 
were in any. cdse only recorded la Experiment 2* Table 3 shorn the 
nuiidber of subjects in each grade and e^qpei^ment ^o net nf)neV any one» 

Of 

any two» or all^three^of these criteria; the ei^t^subjects la Experiment 
1 «Ko had no inquiry are pf course excluded* tt ie evident that the 



Insert Table 3 about here 



tendency to meet all three criteria lacresses with age and the tendency, 
to loeet norie decreases with age» especially in Experiment 1; In, 
Experiment U X (6)* « 22,16, £ < •005; la Experiment 2, X O) • 6*34> 
£ < *10* Table 4 shows th^ patterns of co*occurrenc0 among the three 
criteria* These three cont'ingency tables Indica** that the criteria 



Insert Table 4 about here 



are highly correlated wl{^ one another over the total sample of 112 . 
subjects^ the correlations vithin each grade also tend to be moderate 
to hi^ (recall»ffor example^ the *33**62 wlthln-grade ra be^een. 
correct R trials and 2ero*order latency R trials .reported earlier)* 

* Hare interj|sting.,are the numbers of subjects in the off^cells 6f 
these three tableii* As the left and center tables shw^ if a subject 
correctly solved 7*pr 8 R problems and/or had 2 cr mor^ short*latency 
K trials^ sAie was extiQenely Xltely to go on to vethaliwav rule 2- knm^ 
ledge in the ^inquiry. In fact» a few stibiecta spofrxtanaously 'Wibalize^ 

ERIC 29 



Rules 
28 



ERIC 



thjU» knowledge during the training'' or test trials* These findings 
suggest that those rapid, correct responses were mediated by rule 2 
knowledge rather than by something else* Xhey also suggest that rule 
x»^e ddriag R trials yas a conscious^ deliberate affair, at least for , 
many subjects*^ the finger stoveioent data also supports this Interpretation* 
On the other hand, thu entries In the lower left quadrants of the 
left and center tables and the upp^r rt^t quadrant of the rl^t table ' 
indicate that conaciousness of the rule caioe late rather than soon 
for a nu^dber of subjects^ that is/ not until the last few trials or 
even the inquiry* Of the 13 subjects who net oiily one of the three 
criteria (Table 3)« that one criterion was Inquiry In 10 cases* 
3^nally« the ri^t table in Table 4 shows that 13 subjects 'responded 
correctly but siowly to R probleiDS; moreover^ 12 of these children 



1 



^verbalized the rule during inquiry* tfe can think of several 

ossible explanations for this curious response pattern but have no 
l^asis in the^vailable evidence for favoring any one or cotri>ination 
(^f t^em over othera* 

DISCUSSION 

Ihese two eatperinients have suggested spme interesting contluaions 

rut^both the psychological nature and the ontogenetic development of 
e 2 (different positions-^different views) and Ita corollary (same 
p^ition-^san^ view)« He shall discuss first their nature and subsequently 

their d^vel^opment* In ^contract to rule 2 and rule 1 (Salataa & Flavell, 

I 

1976), ther^ is little positive evidence that rule 2 and it* cbtoilary 

functioni psychologically as two distinct rules, at least In ^ this age 

range ani task setting* Neither seemed accessible to children nbre easily 



or at an ^arlier age than the other, and their use/nonus^ lA liolvlng R 
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problens waa at least moderately correlated in all but the Experiment 1 

first grade group. This finding le less predictable and self-evident than 

it may seem. In the first place^ rule Z does not logically iioply its 

corollary or vice y^,rsa. H^reover» one can imagine rule or task 

variations that ml^t differentiate the two. For .Instance^ if S< and 0 played 

the roles thatO]^ ^ ,1^2 task» young children might, accept the 

S7O variant of the coroll-ary (i-e.^ would consistently attribute ^*s 

view to 0 ^en both are in the same position) but not the &*jO,variant of 

rule 2 (i.e.» ^ would not consistently attribute a different^ non-^ view 

to ^ when they are in different positions^ perhaps because of egocentric 

lapses). In fact» it would be interesting to find out if there is any j 

systematic developmental ordering among these four acquisftions^ that 

I3, among the 0^^^ 0^ and Vo variants of both rule 2 and its corollary. \ 

Even in the present^ ^i'^ case^ children ml^t prove leas st;ead£ast in 

their adherence to rule 2 in comparison to the corollary if the two Oa* 

positions were less clearly different from one another than the 160^ 

separation used in the present e^erimenps. It should not be difficult 

to e^lore such poasibilities experimentally. 

Ihere wad aldo a variety of evidence for the psychological rtelity 

and salience of rule 2 (hereafter taken to Include its corollary) In the 

thought and behavior of many of our child su'bjecta. th^^older onest^ ea^ ' 

pecially^ appear to have (1) deliberately used it» (2/ consciously repr* 

_ ' I 
resented it« and (3) strongly believed in it. 

As to uae» these subjects cortectly solved perapectlve-taklng prob* ^ 

lems vhich required the application of the rute (R problems)* .Ihelr very 

short response latcxieies on these problems also siu^eated Uie dellberaterr ^ 

planful uae of rule 2. Similarly^ ^en asked In Inquiry to explain how 
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they solved R probXenis, tholr verbal reports suggested that tlley had indeed 
solved them by using rule 2* In some cMes the evidence for rule use was 

particularly strong* Examples Include unbroken. st^rlngB of zero^order ^ 

- ^ 

latencies and correct r^ponses that began the first R or RC training 
trial, spontaneous rule descriptions given prior to Inquiry, and e^luslve 
references on the Inquiry trial to tag and observer locations rather 
than to equally visible observer^array relations* Salatas and Flavell 
(1976) shoved that many mlddle^chlldhooil subjects have knowledge of rule 2^ 
Our study shows that, they will also spontaneously use that^ knowledge In 
problecDrsolving situations that only tacitly call" for It* ' 

tftjch of the evidence for deliberate rule use Is also evidence for ' 
its conscious representation, e*g*, short latencies and descriptions of- ' 
rule^based solution procedures* " Particularly striking were the frequently 
seen abrupt and irrevei^ilble changes from c<nq»utatlon-'length latencies 
to zero-order ones on the nth R trial* Such chlldrejn acte^ for all the tjorld 
as if they had suddenly caught on to hov^R problems couM be solved , 
("I know the trick", exclaimed jone third grader)* Xn view of the fact 
that children of this age are not generally cradlted with particularly > 
good introspective skills. It also seemed noteworthy that more subjects 
met the verbal Inquiry criterion than either of the two nonverbal ones 
(Table 4)* ' ' ^ - 

Subjects* behavior on BC problems clearly shoMd that those who und^r-' 
stood and thought of using rule 2 on R probleos usually placed a great 
deal of credence and trust In It* Wlthl&*'^de correlatioiis' between the 
nuidt>er of R and RC short-latency trials ranged from to' .95v and rule- 
based solutions to RC ptobltas wete frequently vepojrted iir Inquiry* Hxe ' 



Rulea 
31 

children obviously could' havct aolved BC probletDB by directs computation 
rajiher than by applying the rule. Tfe had expected that many would» but 
very few in fact did. l&>at began applying the rule to 5C problems about 
the same time they began applying it to R problems^ a few waited for one 
or more trials before alao solving RC problems that way, possibly to check 
nO^-^based picture choices against computation^^based ones. One fifth grader 
who solved RC problems by rule coiq>lained^in inquiry that "sometimes it 
slowed me down when you take the box off * cause -aometlmea t'JU-look at the 

X 

r 

dolls just because you took the jcover off^\ Further research vould be 
necessary to determine just how much faith atibjects of different ages place 
in the rule. One mig^t teat this faith by seeing how they would respond 
to false (counter-rule) en^irlcal feedback About what each obaetver sees. 
Similar to what has been done In the ao-*called Piagetian "extinction" 
studies <Mlller, 1971). The data from the present study suggests tiiat 
rule 2 ^y for many children have the cognitive status of a consciously-^ 
known* well-rationalized fact bf life^ the aort of knowledge that should 
be hard to extinguish. - ^ . 

In retrospect* our evidence even for rule knowledge seems more una]]i>i^' 
uous than that obtained by Salatas and Flavell (1976). The child could see 
the array, as well as the obaervera when answering their rule ^ questions, 
as in our RC problems. It was therefore at least poasible for a subject in 
their atudy to'' conclude that Oj^*s picture could not show 0^*3 view by simply- 
looking at O2 aiid- the array and determinins by computation that it does 
not* In the present study, on the other hand, we knot^ that a subject could 
not have sblved R^problems by computation rather than by rule and also. 
If RC latencies were zero-order, that a /he did not solve RC problew that 
Way either* ' ^ > * 
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As to the developmental aspects of U^e attidy» we face the usual prqb-* 
leiQs of cognitive- developmental dlagnoals (Flavell» 1977 ^ ch* 7): how to 
make valid inferences about developmental differences in the rature» e:^ent» 
5<tablli<7». arxesaibllity* utilizabillty» etc*» of the cognitive entity under 
atudy-^differonccs between \7hat younger and older thildrrai 'liave,** coguitively 
and/or hotr they '^have" it* We nd^t begin by trying to bracket the probable 
range of knowledge of rule 2 present in our two child samples* Id It 
posaible that none of the aubjecta tested had rule 2? Convexaely* is it 
possible -that-all ^f them-possesaed -it? — - 

to to the .£Lrst question* an argument mig^t be i&gde that children who 
appeared to be using rule 2 could actually have been using aone type of 
wholly nonperapectival rule that yields, the saiae picture choices. For ex- 
aii^le» they nd^t almply match position descriptors with picture d^criptora^» 
that i8» a aae picture ^^goes wlth^* ?^tte position* and different picture 
**goe3 with^^ different position. TJhile aoos children iAio responded as^ thou^ 
they had used rul^ 2 may have actually been using aome auch nonperapectival 
rule» it is certain that not all did* Inquiry reaponsea like lilckey 
aees ths back (of the dolls) then Donald will have to see ths^front" were 
not unconsnon* and aurely atteat^to a genuinely rule 2 aolution procedure* 
In ahort» the answer to the firat queatioh is ^^o.^* Actually^ it seems prim 
facie uollkcly that inany subjects would havs used the aomevAat complex aijui 
difficult to rationalize nonperapectival rule just mentioned*. -A^re attrac^ 
tive» aensible^seeudng alternative* especially to ,a young child* wnild prob- 
ably be the simple nonperapectival rule mentioned in the Response Correctness 
section* which was indeed used by aome of the younger subjects* 

Ihe aecotd question is more difficult to answer. It ia certainly poa-^ 
sible that aome children may have known rule 2 at some level but not have . 
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shown this knowledge in our task situation^ Hie Initial einpheeis ha view 
computation during training^ the staangeness and lack of ecological v&ltditf 
of R problems^ or- other task factors may have prevented them from^ bringing 
^ to consdousnesa and/or tising perspectival knowledge thoy actually Assessed* 

The greater frequency of rule tise in Experiment 2 than- in Evperinent If \ 
' especially at the flrat grade levels .ahows that' task factota.can make a 
difference here* Wjs believe* that the introduction of the tiitnk period : ' 

in Eicperlinettt 2 ina^Jhave been^ especially. facHltativet it seemed to 0 

" help re focus the cHlld^s attention on tbe task at .tho^ onsets of each new ^ 

trials and may also, as intended, have gotten the child to Jo. wore ^ / 
thinking about how & problem i^{^t/^e solved* On the other hand, one 
woul^ think that even a child who had only a passable comaand pf- rule 2 
would give evidence of it sonet^ere in our extended and heterogenej>us 
testing procedure* 1st both expierinients, but particularly the second, 
the lengthy pretraiiting c&id .training, the explicit:, almost coacbins-. 
like instructions .and post*r^ponae exp3.attatioas provided on the^lnitlAl 
R and RC practice trials, the numerous test trials, and the careful 
inquiry — all o£ these cooblne tQ provide what seems to us to have 
been an 'extremely hospitable setting for the expression of rule 2 
!/ knowledge* Althou^fh ve obviously cannot prove it, these considerations 

l^ad us to believe ttAt at least the 8 first graders and 5 third graders 
in Experiment Z who met none of the three criteria of rtile 2 Imowledge ^ 
' (Table, 3) had little if any potentially consciotis understanding of 
* this rule* , * V ' 

The data suggest that there is some development during the middle 
childhood period with respect to the ^Vsvlng" of rule 2,;.althcnig}i the - 
. 1., evidence for age changes is stronj^r in Experiment I than in Experiment 

ERJC - g's , . 
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2* As just Indicated^ scn» children showed no evidence at all o£ 
Icnowlng the rtde»^ even according to ^at should be a dlagnostlcally 
sensitive procedure. Other children- appeared to know It jsbout as^ 
clearly and completely as this asiessment procedure could shov « 
possibly as mil and fully as an adult vould*^ Still others fell^ at 
vatlous hard to order polnts between these poles*^ Their rule 2 ; . ^ 
icnowledga seems to have been less readily accessible^ usable»><or ' 
verballzable than that o£ the secocui group* 41d not tAe the rule 

1^ the early trials » did not use It to mediate quick responding; or 
did, not articulate It In inquiry* 

In sunnry^ a nucber of our elementary school. subjects seem to 
have deliberately used the pe3:sp«ctlve^taklngr rule studied here In 
solving both R and-BC problens^ xq have been consciously^ aware of 
Its use» and to have believed It to be a vbolly. trustworthy ^gulfie to, ' 
problem solution* There also appear to have bem ^evelopmatal and 
Individual differences in awareness and use of the tule: ^soas ' < 
children gave no evidence of either, others gave a^le evidence of . 
both» and still others shamd verloua^ Intermediate let^^^fls of per*' 
formance. ■ i ' ' ' ''^ ^ " ' 
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* ^ile rule 1 has no exceptions, rule 2 could, especially with one- 
object An extrete case vtoxSA be X « a sphere, uniformly Illuminated 
from all sides; an observer's visual experience of. It Is the* same from 
all station points* 

Ihrou^ Inadvertence, the islx possible orders of presenting' the 
three types of problems, were not equally distributed across- grade and 
sex In either experiment* Possible ordet ef£ecta-were moat likely to be" 
caused by the children^ obtaining the cortect answer for^the R problem * 
from a. ^dj^ately preceding BC problemt which was possible on three 
of the six orders* ^ However, the distribution of correct R responses 
within each^ grade oti these three orders proved to be almost > Identical, to 
the distribution of. correct responses vltbln^each grsde on the other 
three orders* In addition, a oneway analysis of variance ampng^tfae six 
orders (collapsing serosa grade and cex) d^^not reach an acceptable 
level of significance. 
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Grade 
1 

, 3 
5 

1 
3 



Table 1 

Nutiber of. Children in Eacb Grade 
Vlho Met the 7 out "of 8 Crlt'erlon 
For Each Problem type 

^ Problem Tjrpe 
n • * R * C 

Experiinent 1 
24 4 13 

24 " 13 " 16 

24 ' 17 "21 

Expe'tlraent- 2 . ' ' 
24 ,^12 19 

24 ' .18 18 ^• 



RC 

10 
22 
19 

20 
18 



^^9 
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Tabl^ 2 

Nund>er of Children in Each Grade 
Classified According to the Nuiii>er 

of Zero^Order R«|SpoQse Latencies on R ProblemfT ' v 

< 

Mumber of Zero-Order Response Latencies 



GxperltiCTt 


Grade 


n^ 


. 0 


1 


2 ' 


3 


4 


5 


6 


7 


. 8 




1 


24 


12 




2 


2 


3 


. 1, 


0 


1 


.0 






















1 


3 


24 


12 


2 ; 


1 


1 


0 


3 


1 


0 


4 




5 


24 


5 


3' - 

* 


3. 


1 

*■ 


0 


0 


2 


A 


6 




1 


24 


11 ■ 


2 


I 

0 


1 


0 


2- 


2 


0 . 


'6 


2 


























3 


24 


5 


2 


0 


0 


2 


i 


0' 


^3 


11 
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\ Table 3 

Kuoiier of Children in Each Grade Meeting 
Various Hungers of Criteria of. Rule 2 l^wledge 

I^umber of Criteria Met 

Eig>eriaient 



2 . 



Grade 


n 


' P 


X 


2 


, 3 


X 


2X 


X4 


. 3 


2 


2 


3 


, X? 


6 


2 


4, 


7 


5 


24. 


. X 




5 


X4 


X 


24- 


8 


4 


3 


9 


3 


24 


5 


0 


4 


15' 
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Table 4 

Number of Children Meeting (+) and Not Meeting (-) 
PairtJlse Coublnatlotts of the Siree Rale 2 Criteria 
Inquiry Inquiry .Correct 

.+ - " + - + 

59 2 ' g +- 52 3 I , a + 48 7. 

15 36 3 - 22 35 3 ' ^3 



